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OverviewOverview

uu Health Effects and confirmatory evidenceHealth Effects and confirmatory evidence

uu Air quality standards and regulations areAir quality standards and regulations are
increasingly reliant on these study resultsincreasingly reliant on these study results

uu Key studies of mortality effects (premature death)Key studies of mortality effects (premature death)

uu A new California-based study (Jerrett et al.)A new California-based study (Jerrett et al.)
indicates we are underestimating mortalityindicates we are underestimating mortality

uu Implications for ARB ProgramsImplications for ARB Programs



What We’ve Learned to DateWhat We’ve Learned to Date

uu ~9,000 Californians die prematurely, in 2000, due~9,000 Californians die prematurely, in 2000, due
to particulate matter and ozone exposure aboveto particulate matter and ozone exposure above
StateState ambient air quality standards ambient air quality standards

uu Exposures to air pollution can shorten life byExposures to air pollution can shorten life by
about 14 years for people who die prematurelyabout 14 years for people who die prematurely

uu Value of preventing premature death is $7.9Value of preventing premature death is $7.9
million (2005 dollars) by U.S. EPAmillion (2005 dollars) by U.S. EPA

uu Californian’s have a disproportionate share of PMCalifornian’s have a disproportionate share of PM
exposureexposure



Scientific Confirmatory EvidenceScientific Confirmatory Evidence

uu Observed health improvements followingObserved health improvements following
significant emission reductionssignificant emission reductions

–– Coal ban in Dublin, IrelandCoal ban in Dublin, Ireland

–– Sulfur reduction in Hong KongSulfur reduction in Hong Kong

–– Steel mill closure in Utah ValleySteel mill closure in Utah Valley

–– Children’s Health StudyChildren’s Health Study



Death Rates After Coal Ban, Dublin Ireland
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Death Rates for Two Age Groups
after Sulfur Restriction, Hong Kong
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Relocation and Lung Function, Children’sRelocation and Lung Function, Children’s
Health Study CaliforniaHealth Study California

uu Children’s Health Study followed relocatedChildren’s Health Study followed relocated
children from the larger studychildren from the larger study

uu Decrease in PM10 exposure associated with anDecrease in PM10 exposure associated with an
increase in lung function growth rateincrease in lung function growth rate

uu Increase in PM10 exposure associated with aIncrease in PM10 exposure associated with a
decrease in lung function growth ratedecrease in lung function growth rate



Support of Support of ARB’sARB’s Programs Programs

uu Set State particulate and ozone standards Set State particulate and ozone standards belowbelow
the level of adverse health impacts and urgedthe level of adverse health impacts and urged
U.S. EPA to do the sameU.S. EPA to do the same

uu Health benefits of State standard attainmentHealth benefits of State standard attainment

uu Health benefits of adopting diesel controlHealth benefits of adopting diesel control
measures to cut PM exposure 85% by 2020measures to cut PM exposure 85% by 2020

uu Added “lives saved” to cost-effectivenessAdded “lives saved” to cost-effectiveness
calculationscalculations



Cost-EffectivenessCost-Effectiveness

uu Compare Health Benefits with Control CostsCompare Health Benefits with Control Costs

uu Methods endorsed by NAS, U.S. EPA, WHOMethods endorsed by NAS, U.S. EPA, WHO

uu Diesel PM RegulationsDiesel PM Regulations
uu $4 to $28 of benefits per $1 of control$4 to $28 of benefits per $1 of control

uu Goods Movement PlanGoods Movement Plan
uu $3 to $8 of benefits per $1 of control$3 to $8 of benefits per $1 of control



Where do TheseWhere do These
Numbers Come From?Numbers Come From?

Key PM Mortality StudiesKey PM Mortality Studies



Progression of Key Health StudiesProgression of Key Health Studies

ACS Study ‘95ACS Study ‘95 6 City Study ‘936 City Study ‘93 AHSMOG ‘99AHSMOG ‘99

U.S. EPA PM2.5U.S. EPA PM2.5

 Standard 1997 Standard 1997

ReanalysisReanalysis
Dr. Krewski et al.Dr. Krewski et al. (2000 (2000)

CARB PM2.5CARB PM2.5

 Standard 2002 Standard 2002



uu Follow-up study:Follow-up study:
–– Yielded a higher risk of 6% for all cause of prematureYielded a higher risk of 6% for all cause of premature

death for each increase of 10 ug/m3 increase of PM2.5.death for each increase of 10 ug/m3 increase of PM2.5.
–– Lung cancer associationLung cancer association

Progression of Key Health StudiesProgression of Key Health Studies

ACS Study ‘95ACS Study ‘95

Follow-upFollow-up
Pope et al.Pope et al. (2002 (2002)

ReanalysisReanalysis
Dr. Krewski et al.Dr. Krewski et al. (2000 (2000)

6 City Study ‘936 City Study ‘93 AHSMOG ‘99AHSMOG ‘99



Follow-up StudiesFollow-up Studies
AHSMOGAHSMOGACS Study ‘95ACS Study ‘95

Follow-upFollow-up
Dr. Pope et al. (2002Dr. Pope et al. (2002)

ReanalysisReanalysis
Dr. Krewski et al. (2000Dr. Krewski et al. (2000)

6 Cities Study ‘936 Cities Study ‘93

Follow-up StudiesFollow-up Studies

Jerrett et al. ‘05Jerrett et al. ‘05 Laden et al. ‘06Laden et al. ‘06
Chen et al.Chen et al.

‘05‘05

BETWEEN
CITIES

IMPROVED
EXPOSURE



Spatial Analysis of Air PollutionSpatial Analysis of Air Pollution
and Mortality in Los Angelesand Mortality in Los Angeles

JerrettJerrett et al. (2005) et al. (2005)



SAMESAME
uu American Cancer Society (ACS) CohortAmerican Cancer Society (ACS) Cohort
uu 1982 at recruitment -both males and females1982 at recruitment -both males and females

were 30 or olderwere 30 or older

uu Comprehensive questionnaireComprehensive questionnaire
–– Diet, smoking history, occupational, education,Diet, smoking history, occupational, education,

alcohol use, weight, etc.alcohol use, weight, etc.

DIFFERENTDIFFERENT
NationalNational versus versus Los Angeles Los Angeles 
1982–19981982–1998 1982–20001982–2000
51 cities 51 cities LA region onlyLA region only
500,000 500,000   ACS Cohort Size  ACS Cohort Size 22,90522,905

Study PopulationStudy Population



MethodsMethods
SAMESAME
uu PM2.5 onlyPM2.5 only
uu 44 confounders44 confounders

DIFFERENTDIFFERENT
uu LA studyLA study

–– Additional confounding factors such as income,Additional confounding factors such as income,
education and crime rateeducation and crime rate

uu ExposureExposure
–– National: average PM2.5 for a city assigned same valueNational: average PM2.5 for a city assigned same value

to all participants in cityto all participants in city

–– LA: PM2.5 data from 23 sites for 2000 then modeledLA: PM2.5 data from 23 sites for 2000 then modeled
and assigned to zip-codesand assigned to zip-codes



Air Quality Data in Jerrett StudyAir Quality Data in Jerrett Study

Interpolated Surface of PM2.5Interpolated Surface of PM2.5

Courtesy of Dr.Michael Jerrett, USC
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Comparison of ResultsComparison of Results
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Summary of Jerrett’s ResultsSummary of Jerrett’s Results

uu Within-city exposure gradients show PM2.5Within-city exposure gradients show PM2.5
effects on premature death 2.5 x higher thaneffects on premature death 2.5 x higher than
across-city studies, but uncertainty range isacross-city studies, but uncertainty range is
widerwider

uu Strongest effects from PM2.5 with ischemicStrongest effects from PM2.5 with ischemic
heart disease and all-cause deathsheart disease and all-cause deaths



Strengths of Jerrett et al.Strengths of Jerrett et al.
Follow-up StudyFollow-up Study

uu Studied real people in California environmentStudied real people in California environment

uu More accurate PM exposure measurementsMore accurate PM exposure measurements

uu More typical mixtures of air pollution, includingMore typical mixtures of air pollution, including
freeway emissionsfreeway emissions

uu Captured potentially vulnerable groupsCaptured potentially vulnerable groups



Weaknesses of Jerrett’s workWeaknesses of Jerrett’s work

uu Less statistically robustLess statistically robust

uu Dividing analyses (cities, causes of death, sub-Dividing analyses (cities, causes of death, sub-
populations) increases range of uncertaintypopulations) increases range of uncertainty

uu Not all potential confounders measured (stress,Not all potential confounders measured (stress,
other pollutants)other pollutants)

uu May not be representative of other CA regionsMay not be representative of other CA regions



Where the Science is Going?Where the Science is Going?

uu Supports general conclusion onSupports general conclusion on
association of PM exposure and prematureassociation of PM exposure and premature
deathdeath

uu Strengthens association withStrengthens association with
cardiovascular impacts of PMcardiovascular impacts of PM

uu Improves on exposure characterizationImproves on exposure characterization

uu Provokes issue of underestimationProvokes issue of underestimation



Next StepsNext Steps

uu Replicate in Other Large CitiesReplicate in Other Large Cities

uu PoolingPooling
–– Blend strengths of LA study with greaterBlend strengths of LA study with greater

statistical certainty of national studystatistical certainty of national study
–– Review results of new studies to be publishedReview results of new studies to be published

later this yearlater this year
–– Consistent methodologies with otherConsistent methodologies with other

environmental agenciesenvironmental agencies
–– Peer review methodologyPeer review methodology



Policy ImplicationsPolicy Implications

uu Air Pollution Causes Premature DeathAir Pollution Causes Premature Death
–– Greater share of total CA deaths thanGreater share of total CA deaths than

estimated to date, but range would widenestimated to date, but range would widen
–– Will increase public demand for progressWill increase public demand for progress

uu Particulate Matter StandardsParticulate Matter Standards
–– Stronger support for standard attainmentStronger support for standard attainment
–– Attainment provides larger benefitsAttainment provides larger benefits
–– Current CA standard protective enoughCurrent CA standard protective enough



Policy Implications, continuedPolicy Implications, continued

uu Diesel RegulationsDiesel Regulations
–– Health benefits greater than previouslyHealth benefits greater than previously

estimatedestimated
–– More cost-effective than previously thoughtMore cost-effective than previously thought

uu Communications / Public EducationCommunications / Public Education
–– Need to get revision right and explain basisNeed to get revision right and explain basis
–– Message is not Message is not “more people are dying”“more people are dying” but but

rather rather “air pollution is the hidden cause of“air pollution is the hidden cause of
deaths that were previously attributed todeaths that were previously attributed to
other causes”other causes”
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